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The Einstein-Podolsky-Rosen (EPR) steering is an intermediate quantum nonlocality between entanglement
and Bell nonlocality, which plays an important role in quantum information processing tasks. In the past few
years, the investigations concerning EPR steering have been demonstrated in a series of experiments. How-
ever, these studies rely on the relevant steering inequalities and the choices of measurement settings. Here, we
experimentally verify the EPR steering via entanglement detection without using any steering inequality and
measurement setting. By constructing two new states from a two-qubit target state, we observe the EPR steering
by detecting the entanglement of these new states. The results show that the entanglement of the newly con-
structed states can be regarded as a new kind of steering witness for target states. Compared to the results of
Xiao et al. [Phys. Rev. Lett. 118, 140404 (2017)], we find that the ability of detecting EPR steering in our sce-
nario is stronger than two-setting projective measurements, which can observe more steerable states. Hence, our
demonstrations can deepen the understanding of the connection between the EPR steering and entanglement.
Introduction.–The investigations of Einstein-Podolsky-
Rosen (EPR) steering, which was considered as a spooky ac-
tion permissible under the rules of quantum mechanics, can
be traced back to 1935 [1, 2]. Assuming two entangled parties
shared by Alice and Bob in separated space, the EPR steer-
ing depicts a distinctive non-classical trait that Alice can im-
mediately steer the Bobs system by implementing a measure-
ment on her system. Recently, Wiseman et al. rigorously
and operationally defined the EPR steering as an information-
theoretic task [3]. The EPR steering exists in the situation that
the joint probabilities of measurement outcomes cannot be de-
scribed by constructing a local hidden variable-local hidden
state (LHV-LHS) model. The hierarchy of quantum nonlocal-
ities, namely, steerable states are a strict subset of the entan-
gled states [4] and a superset of Bell nonlocal states [5, 6], was
also provided [3]. The EPR steering can thus be regarded as
a entanglement witness, i.e., the entanglement must exist in a
steerable state. In the past decade, the explorations concerning
EPR steering have attracted increasing attention since it has
many potential applications in quantum information process-
ing, for example, one-sided device-independent quantum key
distribution [7–9], secure quantum teleportation [10, 11], one-
sided device-independent randomness generation [12], and so
on.
One of the important features of the EPR steering is its
inherent asymmetric characteristic differ from entanglement
and Bell nonlocality [3, 13], which has the unique advantage
in several quantum information tasks. That is, there exist two-
qubit entangled states in which the steerability from two di-
rections are not equivalent (the ability of Alice to steer Bob
is not equal to the ability of Bob to steer Alice). The EPR
steering can be detected by the violation of various steering
inequalities, including linear steering inequalities[14, 15], in-
equalities based on entropic uncertainty relations [16–19], and
steering criterion from geometric Bell-like inequality [20]. On
the theory side, based on the choices of measurements, the
EPR steering have been explored from projective measure-
ments [13, 21] to positive operator-valued measures (POVMs)
[22–24], and also from continuous variable systems [25, 26]
to discrete systems [13, 21, 23] .
Experimentally, the EPR steering were investigated by a
few efforts in the past few years, and many significant results
were demonstrated. Saunders et al. experimentally observed
quantum steering for Bell local state via linear steering in-
equality [27], and demonstrated that EPR steering occurs for
mixed entangled states that are Bell local. Bennet et al. ex-
perimentally certified that EPR steering can be rigorously im-
plemented in the case of arbitrarily high losses [28]. The EPR
steering of Gaussian states was verified by performing Gaus-
sian measurements [29], and then was extended to a multi-
partite system [30]. By using the steering radius, Sun et al.
[31] and Xiao et al. [32] explored the EPR steering in differ-
ent directions through two-setting and multisetting projective
measurements, respectively. The results show that the phe-
nomenon of EPR steering may disappear with the increase of
measurement setting in experiment. Considering 16 measure-
ments and a Werner state with a lossy channel at one side,
Wollmann et al. observed the EPR steering in the general
setting of POVMs [24]. Without assumption concerning the
experimental state or measurement, Tischler et al. verified
the asymmetry of EPR steering in the situation of a two-qubit
state with loss [33]. Also, Li et al. explored the EPR steering
of two-qubit Werner state via the geometric Bell-like inequal-
ity [34]. However, these experimental efforts rely on the rele-
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2vant steering inequalities and the choices of measurement set-
tings, which make them difficult to avoid the locality loophole
presented in EPR steering tests. In general, an entangled state
can be verified by detecting EPR steering, and the converse
is not always true [22]. The detection of EPR steering is also
strictly harder than the detection of entanglement [27]. There-
fore, an open question raises: can we realize the observation
of EPR steering by detecting the entanglement in experiment?
That is still lacking, and the study may provide a new way to
test a difficultly detected quantum correlation by translating it
into an easily detected problem.
In this paper, we demonstrate the EPR steering in two direc-
tions via detecting entanglement in experiment, without using
any steering inequality and measurement setting. To be spe-
cific, we experimentally construct two new states from a two-
qubit target state on the basis of the recent theories of Das et
al. [35] and Chen et al. [36], and observe the EPR steering by
detecting the entanglements of the new states for the first time.
The results verify that the entanglement of newly constructed
states can be considered as a new kind of EPR steering witness
for target states in experiment. These experimental results can
deepen our understanding of the connection between steering
and entanglement. We further compare our results with the
ones of Xiao et al. [32], and it is shown that the ability of
detecting EPR steering in our scenario is stronger than two-
setting projective measurements. It has a wider region for the
observation of steerable states.
Observing EPR steering via entanglement detection.–
Considering a bipartite quantum state ρAB shared by Al-
ice and Bob, and the possible choices of measurements are
A (measurement operators denoted by MAa ) and B (mea-
surement operators denoted by MBb ) for Alice and Bob, re-
spectively. Assuming that Alice obtains the measurement
outcome a by carrying out the measurement of A on her
subsystem, Bob obtains corresponding outcome b by im-
plementing the measurement B on his subsystem. If and
only if the corresponding joint probability distribution of
the outcomes cannot be expressed by P (a, b|A,B, ρAB) =∑
λ P (λ)P (a|A, λ)PQ(b|B, ρλ), and then the ρAB is steer-
able from Alice to Bob [3]. Here, P (λ) is the probabil-
ity distribution over the LHVs satisfying
∑
λ p(λ) = 1.
P (a|A, λ) indicates a general probability distribution, and
PQ(b|B, ρλ) = Tr[ρλMBb ] is the probability of outcome b
performed measurement B on the LHS ρλ. In other words,
the ρAB can realize steering from Alice to Bob if and only
if there is no LHV-LHS model descripted by the joint proba-
bility distribution for arbitrary measurements implemented by
Alice and Bob.
Any bipartite separable state is defined as a convex mix-
ture of product states, namely, ρAB =
∑
λ p(λ)ρ
A
λ ⊗ ρBλ .
The state ρAB is entangled if and only if the joint probability
distribution cannot be represented by P (a, b|A,B, ρAB) =∑
λ P (λ)PQ(a|A, ρAλ )PQ(b|B, ρBλ ), where PQ(a|A, ρAλ ) =
Tr[ρAλM
A
a ] and PQ(b|B, ρBλ ) = Tr[ρBλMBb ]. That is, the
ρAB is an entangled state if and only if there is no LHS-LHS
model descripted by this joint probability distribution for ar-
bitrary measurements performed by Alice and Bob. Recently,
Das et al. [35] and Chen et al. [36] proposed a sufficient cri-
teria of detecting the EPR steering for bipartite states by the
entanglement detection of newly constructed states. In theory,
for any two-qubit state ρAB shared by Alice and Bob, we can
construct two new states as τ1AB and τ
2
AB ,
τ1AB = µ1ρAB + (1− µ1)ρ˜1AB , (1)
and
τ2AB = µ2ρAB + (1− µ2)ρ˜2AB . (2)
Here, ρ˜1AB = ρA ⊗ I/2, ρA = TrB [ρAB ], ρ˜2AB = I/2⊗ ρB ,
ρB = TrA [ρAB ],µ1 ∈ [0, 1/
√
3], and µ2 ∈ [0, 1/
√
3]. If τ1AB
is an entangled state, then the state ρAB is steerable from Bob
to Alice. In addition, if τ2AB is entangled, then the steering
task from Alice to Bob can be realized.
In order to observe the EPR steering in experiment,
the steerable states need to be prepared in our photon-
polarization-qubit system. We focus our attention on a family
of two-qubit target states [37]:
ρAB(α, θ) = α |ψ(θ)〉 〈ψ(θ)|+ (1− α)I/2⊗ ρB (3)
with |ψ(θ)〉 = cos(θ) |HH〉 + sin(θ) |V V 〉 and ρB =
TrA [|ψ(θ)〉 〈ψ(θ)|]. Here, 0 ≤ α ≤ 1 and 0 ≤ θ ≤ pi/4.
The horizontally and vertically polarized components are rep-
resented by H and V, respectively. It is shown that the state
is steerable from Alice to Bob if α > 1/2. Moreover, it
is demonstrated that Bob cannot steer Alice for cos2(2θ) ≥
(2α − 1)/(2 − α)α3 by employing the uniform distribution
as an ansatz for the LHS ensemble [37]. According to Refs.
[35] and [36], the newly constructed states τ1AB(α, θ) and
τ2AB(α, θ) for ρAB(α, θ) can be given by
τ1AB(α, θ) = µ1ρAB(α, θ) + (1− µ1)ρ˜1AB(α, θ), (4)
and
τ2AB(α, θ) = µ2ρAB(α, θ) + (1− µ2)ρ˜2AB(α, θ), (5)
where ρ˜1AB(α, θ) = ρA(α, θ) ⊗ I/2 with ρA(α, θ) =
TrB [ρAB(α, θ)], ρ˜2AB(α, θ) = I/2 ⊗ ρB(α, θ) with
ρB(α, θ) = TrA [ρAB(α, θ)]. It is known that the entan-
glement of two-qubit states can be effectively identified by
the concurrence [38]. Considering a two-qubit state ρAB , the
concurrence is written as C(ρAB) = max{0,
√
λ1 −
√
λ2 −√
λ3−
√
λ4}, where λi(i = 1, 2, 3, 4) are the eigenvalues with
decreasing order of the matrix ρAB(σy ⊗ σy)ρ∗AB(σy ⊗ σy).
The variable ρ∗AB represents the complex conjugate of ρAB in
the fixed basis {|00〉 , |01〉 , |10〉 , |11〉}. By some calculations,
the condition for the case that τ1AB(α, θ) is an entangled state
(Bob can steer Alice) can be given by
√
3−√3 cos(4θ)− 2√7− 4 cos(4θ) + cos2(4θ)
cos(4θ)− 5 < α ≤ 1
(6)
3with 0 < θ ≤ pi/4. The condition of τ2AB(α, θ) being
an entangled state (Alice can steer Bob) can be written as
1/
√
3 < α ≤ 1 and 0 < θ ≤ pi/4. Hence, to make sure
that τ2AB(α, θ) is an entangled state and τ
1
AB(α, θ) is a sepa-
rable state, it should satisfy the following condition
1√
3
< α ≤
√
3−√3 cos(4θ)− 2√7− 4 cos(4θ) + cos2(4θ)
cos(4θ)− 5
(7)
with 0 < θ < pi/4. The detailed calculations are given in the
Supplemental Material.
Experimental implementation and results.–Fig. 1 provides
the schematic diagram of our experimental setup. The setup
consists of three modules: (a) state preparation, (b) new state
construction, and (c) entanglement detection. To be specific,
a tunable diode laser emits a center wavelength of 405nm and
high-power (130mW) continuous laser beam, which passes
through the polarization beam splitter (PBS). Subsequently,
the transmitted beam is passed through a 405nm half-wave
plate (HWP1) and focused on two type-I β-barium borate
(BBO) crystals (6.0× 6.0× 0.5mm). The state |ψ(θ)〉 =
cos(θ) |HH〉+sin(θ) |V V 〉 shared by a pair of entangled pho-
tons (λ = 810nm) are generated via spontaneous parametric
down-conversion (SPDC) [39]. We can control the state pa-
rameter θ by adjusting the rotation angle of HWP1. We in-
sert an unbalanced interferometer (UI0) in the path of A, and
the 50/50 beam splitter (BS) in the UI0 separate the photon
into two paths (represented by p1 and p2). In the path p1,
the state of photons remains unchanged. The path p2 is com-
posed by a HWP2 with 22.5o and three 321λ yttrium ortho-
vanadate (YVO4) crystal, which can completely destroy the
coherence. The state shared by the photons of path p2 and
path B in module (a) is transformed into an incoherent state in
the basis of eigenvectors of Pauli matrix σz , and the diagonal
elements are cos2θ/2, sin2θ/2, cos2θ/2, and sin2θ/2, respec-
tively. The two-qubit states ρAB(α, θ) can be prepared by
combining the paths p1 and p2 into one, and the state parame-
ter α can be changed conveniently by using attenuator (ATT)
in the UI0. 30 states ρAB(α, θ) are prepared to carry out the
EPR steering test in our experiment. Their distributions are
denoted by the red, blue and green solid circles in Fig. 2,
and the distributions of theoretical steerable states ρAB(α, θ)
are also displayed by different color regions. The red re-
gion represents the states ρAB(α, θ) for which τ1AB(α, θ) and
τ2AB(α, θ) are not entangled states. The resluts imply that the
EPR steering in both directions cannot be observed through
entanglement detection in theory. The blue region, which
is depicted by Eq. (7), represents the states ρAB(α, θ) for
which only τ2AB(α, θ) is entangled state. That is to say, only
the EPR steering from Alice to Bob can be observed via en-
tanglement detection, whether Bob can steer Alice cannot be
determined. The green region represents the case that both
τ1AB(α, θ) and τ
2
AB(α, θ) are entangled states, and the steer-
ing task succeeds in both directions. In our method, we ob-
serve the EPR steering by detecting the entanglement of these
new states τ1AB(α, θ) and τ
2
AB(α, θ), without using any steer-
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FIG. 1. Experimental setup. The setup includes three modules:
(a) state preparation, (b) new state construction, and (c) entangle-
ment detection. In brief, a family of two-qubit states ρAB(α, θ)
are prepared by the procession of a spontaneous parametric down-
conversion and the unbalanced interferometer (UI0) in module (a).
In module (b), two new states τ1AB(α, θ) and τ
2
AB(α, θ) from any
ρAB(α, θ) are constructed. If we only let the unbalanced interfer-
ometer (UI1) influence on the path B of module (b), and remain the
path A unchanged, the state τ1AB(α, θ) can be prepared. On the con-
trary, if we let the unbalanced interferometer (UI2) influence on the
path A of module (b), and remain the path B unchanged, the state
τ2AB(α, θ) can be generated. Module (c) is used to realize the entan-
glement detection of the new states. Abbreviations: HWP, half-wave
plate; QWP, quarter-wave plate; PBS, polarizing beam splitter; BBO,
type-I β -barium borate; IF: interference filter; BS: beam splitter;
ATT: attenuator; YVO4: yttrium orthovanadate crystal; SPD: single
photon detector.
ing inequality and measurement setting. This is distinct from
the ones in Ref. [32], which investigated the EPR steering
of ρAB(α, θ) by using the multimeasurement settings and the
steering radius. Note that, Fig. 2 also provides the results of
Ref. [32]. Specifically, in the case of two-measurement set-
tings, the states below the red solid line cannot realize steering
task. The states between the red solid line and dashed curve
mean that Alice can steer Bob, but Bob cannot steer Alice.
The states above the red dashed curve can achieve the steer-
ing task in both directions. The blue solid line and dashed
curve are the results in three-measurement settings. The re-
gion below the blue solid line indicates that the steering task
fails in both directions. The states in the region between the
blue solid line and dashed curve signify that only Alice can
steer Bob, and the region above the blue dashed curve rep-
resents that the states are both-way steerable. In comparison
with the two-measurement settings, the scenario of entangle-
ment detection can capture more steerable states, while it is
approximately equal to the three-measurement settings in the
detecting of EPR steering from Alice to Bob. We also depict
the steering region in infinite-measurement settings, which is
bounded by the black solid curve. The states below the curve
can only realize steering from Alice to Bob [37].
Next let us construct new states τ1AB(α, θ) and τ
2
AB(α, θ)
in our all-optical setup, as shown in module (b) of Fig. 1. To
construct τ1AB(α, θ), we block path p2 in the UI2, and only let
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FIG. 2. Distributions of states ρAB(α, θ) both in our experiment and
in different scenarios. In the theoretical scenario of observing the
EPR steering through entanglement detection, the red area represents
the states that the EPR steering in both directions cannot be verified.
The blue area denotes the states that only the EPR steering from Alice
to Bob can be observed in this theory. The green area represents the
states for which Alice and Bob can steer each other. The red, blue,
and green solid circles in the corresponding regions are the experi-
mentally prepared states. The red solid line and dashed curve repre-
sent the results in the scenario of two-measurement settings [32]. The
region below the red solid line (above the red dashed curve) repre-
sents the states are unsteerable (both-way steerable) states. The states
between the red solid line and dashed curve can only realize the EPR
steering form Alice to Bob. In the case of three-measurement set-
tings [32], the states below the blue solid line (above the blue dashed
curve) are unsteerable (both-way steerable). The region between the
blue solid line and dashed curve represents that only the steering task
from Alice to Bob can be achieved. The region between the x axis
and black solid curve denotes that the states are steerable from Alice
to Bob, and the states above the black curve are both-way steerable
states in the scenario of infinite-measurement settings [37].
the unbalanced interferometer (UI1) influence on the path B.
In other words, we let the photon of path B in module (b) send
to UI1 and then send to Bob. The photon of path A is sent to
Alice directly. The photon state of path p1 in UI1 remains
unchanged. The state shared by path p2 in UI1 and path A
is dephased into an incoherent state, and the weights in bases
of |HH〉 〈HH|, |HV 〉 〈HV |, |V H〉 〈V H|, and |V V 〉 〈V V |
are (1 +α cos 2θ)/4, (1 +α cos 2θ)/4, (1−α cos 2θ)/4, and
(1 − α cos 2θ)/4, respectively. The τ1AB(α, θ) can be con-
structed by combining these two paths p1 and p2 (in the UI1)
into one in the experiment. The state parameter µ1 is set to
1/
√
3 ≈ 0.58 by adjusting ATT in the UI1. The detailed
method for determining the µ1 is shown in the Supplemen-
tal Material. Similarly, in order to construct τ2AB(α, θ), we
need block path p2 in the UI1, and let the UI2 influence the
path A. That is, the photon of path B in module (b) is sent
to Bob directly, and the photon of path A is send to UI2 and
then send to Alice. Two-photon state shared by the photons
in the path p2 of UI2 and path B is transformed into an in-
coherent state, the diagonal elements are cos2θ/2, sin2θ/2,
cos2θ/2, and sin2θ/2, respectively. The state τ2AB(α, θ) can
be constructed by mixing the paths p1 and p2 of UI2 into one.
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FIG. 3. The experimental results. The solid circles and the hol-
low triangles represent the experimental results ofC(τ1AB(α, θ)) and
C(τ2AB(α, θ)), respectively. The red solid circles and hollow trian-
gles correspond to the results that the τ1AB(α, θ) and τ
2
AB(α, θ) are
all separated, i.e., the EPR steering of ρAB(α, θ) cannot be verified
through entanglement detection. The blue solid circles and hollow
triangles correspond to the case for which only the τ2AB(α, θ) is en-
tangled, namely, only the steering from Alice to steer Bob can be ob-
served via entanglement detection. The green solid circles and hol-
low triangles correspond to the results that τ1AB(α, θ) and τ
2
AB(α, θ)
are all entangled, i.e., Alice and Bob can steer each other. Some of
error bars are very small and not shown.
The state parameter µ2 is also set to 1/
√
3 ≈ 0.58 by using
ATT in the UI2. Module (c) is used to realize the detection
of entanglement by performing a quantum state tomography
process [40]. The fidelity of τ1AB(α, θ) and τ
2
AB(α, θ) are cal-
culated by F (τ, τ0) ≡ Tr
√√
ττ0
√
τ [41], where τ and τ0
are the experimental and theoretical density matrices, respec-
tively. In our experiment, 30 new states τ1AB(α, θ) and 30
τ2AB(α, θ) are constructed, and the fidelities of all these states
are beyond 0.9873.
In the following, we observe the EPR steering by detecting
the entanglement of these 60 new states. The results of exper-
iment are shown in Fig. 3, and the insets in Figs. 3(e) and
(f) are the magnification of the regions in the purple panes.
The solid circles and the hollow triangles represent the exper-
imental results of C(τ1AB(α, θ)) and C(τ
2
AB(α, θ)), respec-
tively, which are calculated according to the density matri-
ces τ1AB(α, θ) and τ
2
AB(α, θ) obtained by tomography. Based
on the standard deviation from the statistical variation of the
photon counts, which are assumed to follow Poisson distri-
bution, all error bars are estimated in the experiment. Note
that some of error bars are very small and not displayed in
the Fig. 3. In order to make the experimental results corre-
spond to the prepared states in Fig. 2, we use solid circles and
hollow triangles with different colors in Fig. 3 to represent
the corresponding experimental results. As seen from Fig. 3,
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FIG. 4. The experimental results for ρAB(α, pi/4) through the geo-
metric Bell-like inequality. The blue and red solid circles denote the
left-hand side (LHS) and the right-hand side (RHS) of the geometric
Bell-like inequality, respectively. The experimental datas labelled by
1, 2, 3, 4, and 5 correspond to the test results of state labelled by 1,
2, 3, 4, and 5 in Fig. 2, respectively. Some of error bars are too small
to display.
the six red solid circles and six red hollow triangles display
that the experimental states τ1AB(α, θ) and τ
2
AB(α, θ) are all
separable. The results certify that the EPR steering of six pre-
pared states ρAB(α, θ) (represented by six red solid circles
in Fig. 2) cannot be observed via the detection of entangle-
ment. The eleven blue solid circles and eleven blue hollow
triangles in Fig. 3 represent that the τ1AB(α, θ) are separa-
ble states and the τ2AB(α, θ) are entangled states, respectively.
The experimental results can help us to identify that the eleven
prepared states ρAB(α, θ) (represented by eleven blue solid
circles in Fig. 2) can realize the EPR steering from Alice to
Bob, and whether the EPR steering from Bob to Alice can-
not be decided in this scenario. One can see from Fig. 3
that the thirteen green solid circles and thirteen green hollow
triangles indicate that the τ1AB(α, θ) and τ
2
AB(α, θ) are all en-
tangled states in experiment. The results verify that the thir-
teen prepared states ρAB(α, θ) (represented by thirteen green
solid circles in Fig. 2) are both-way steering states, in which
the steering task succeeds in both directions (Alice and Bob
can steer each other). Hence, the experimental results show
good agreement with theoretical ones in Fig. 2, and the EPR
steering of two-qubit target states ρAB(α, θ) can be observed
through the entanglement detection of these new states. As
shown in Fig. 2, some steerable states (the states between
the red and blue solid line), which can be demonstrated in
our scenario, cannot be verified in the case of two-setting pro-
jective measurements. Nearly all steerable states, which can
be observed in the case of three-setting projective measure-
ments, can also witnessed by detecting entanglement. This
means that the ability of detecting EPR steering in our strategy
is stronger than two-measurement settings, and can compete
with the three-measurement settings.
In order to further verify the effectiveness of our scenario,
we take the EPR steering of ρAB(α, pi/4) (labelled by 1, 2, 3,
4 and 5 in Fig. 2) by using the geometric Bell-like inequal-
ity as an example, which is denoted by max
⇀
m,
⇀
n
EQ(
⇀
m,
⇀
n) ≥
2(
∑3
i,j=1 T
2
ij)/3 with EQ(
⇀
m,
⇀
n) =
∑3
i,j=1 Tijminj [20].
Here, ⇀m · ⇀σA and ⇀n · ⇀σB are projective measurements im-
plemented by Alice and Bob, respectively. ⇀σ
A
and ⇀σ
B
are
Pauli matrices, and Tij = Tr[ρAB(σAi ⊗ σBj )] is the matrix
element of the spin correlation matrix. We use the LHS and
RHS to represent the left-hand side and the right-hand side
of the geometric Bell-like inequality, respectively. Note that,
the state ρAB(α, pi/4) corresponds to the Werner state [42]. It
is well known that the state is steerable from Alice to Bob in
the case of α > 1/2 , and Bob can steer Alice for α > 1/2
[3, 43]. Based on the quantum state tomography, the experi-
mental LHS and RHS are calculated according to the density
matrix of ρAB(α, pi/4) (the fidelities of all these states are
higher than 0.9893). The experimental results are shown in
Fig. 4. The both-way steering of the states labelled by 2, 3, 4,
and 5 in Fig. 2 can be observed in our scenario (see Fig. 3 (f)),
and these states also violate the geometric Bell-like inequality
(the data of LHS are less than the ones of RHS, see Fig. 4).
The results further verify that the entanglement detection of
newly constructed state can effective witness the EPR steer-
ing in experiment. Meanwhile, it is worth noting that the EPR
steering of the state labelled by 1 in Fig. 2 can be observed by
employing the geometric Bell-like inequality, however, can-
not be observed through our scenario. The reason is that the
ability of geometric Bell-like inequality for detecting the EPR
steering of Werner state (for α > 1/2 [20, 34]) is stronger
than the scenario of entanglement detection (for α > 1/
√
3).
Conclusions.–In this paper, based on 30 prepared two-qubit
states ρAB(α, θ), 60 new states τ1AB(α, θ) and τ
2
AB(α, θ) are
constructed in the experiment. The EPR steering of ρAB(α, θ)
are experimentally observed by detecting the entanglement of
these newly constructed states, and any steering inequality and
measurement setting are not used in the process of demonstra-
tion. Our results verify that the steering from Bob to Alice can
be witnessed by the entanglement of τ1AB(α, θ), and the steer-
ing from Alice to Bob can be witnessed by the entanglement
of τ2AB(α, θ). Hence, the entanglement of newly constructed
state provides a new way to witness the EPR steering in exper-
iment. The ability of testing the EPR steering in our scenario
is stronger than the two-setting projective measurements, and
more steerable states can be observed by detecting the entan-
glement of the constructed states. Consequently, our work
demonstrates that one can effectively certify EPR steering by
translating it into an easily certified quantum nonlocality (i.e.,
the entanglement) in experiment, and it is also potentially used
to understand the relation between steering and entanglement
in quantum information tasks.
This work was supported by the National Science Foun-
dation of China (Grant Nos. 11575001, 61601002 and
11605028), the Program for Excellent Talents in Univer-
sity of Anhui Province of China (Grant No. gxyq2018059),
the Natural Science Research Project of Education Depart-
ment of Anhui Province of China (Grant No. KJ2018A0343,
6KJ2017A406 and KJ2017A401), the Open Foundation for
CAS Key Laboratory of Quantum Information under Grant
Nos. KQI201801 and KQI201804, the Key Program of Ex-
cellent Youth Talent Project of the Education Department of
Anhui Province of China under Grant No. gxyqZD2018065.
Huan Yang and Zhi-Yong Ding contributed equally to this
work.
∗ yeliu@ahu.edu.cn
[1] A. Einstein, B. Podolsky, and N. Rosen, Can quantum-
mechanical description of physical reality be considered com-
plete? Phys. Rev. 47, 777 (1935).
[2] E. Schro¨dinger, Discussion of probability relations between
separated systems, Math. Proc. Cambridge Philos. Soc. 31, 555
(1935).
[3] H. M. Wiseman, S. J. Jones, and A. C. Doherty, Steering, Entan-
glement, Nonlocality, and the Einstein-Podolsky-Rosen Para-
dox, Phys. Rev. Lett. 98, 140402 (2007).
[4] R. Horodecki, P. Horodecki, M. Horodecki, and K. Horodecki,
Quantum entanglement, Rev. Mod. Phys 81, 865 (2009).
[5] J. S. Bell, On the Einstein Podolsky Rosen paradox, Physics 1,
195 (1965).
[6] N. Brunner, D. Cavalcanti, S. Pironio, V. Scarani, and S.
Wehner, Bell nonlocality, Rev. Mod. Phys. 86, 419 (2014).
[7] C. Branciard, E. G. Cavalcanti, S. P. Walborn, V. Scarani, and
H. M. Wiseman, One-sided device-independent quantum key
distribution: Security, feasibility, and the connection with steer-
ing, Phys. Rev. A 85, 010301 (2012).
[8] T. Gehring, V. Ha¨ndchen1, J. Duhme, F. Furrer, T. Franz,
C. Pacher, R. F. Werner and R. Schnabel, Implementation of
continuous-variable quantum key distribution with composable
and one-sided-device independent security against coherent at-
tacks, Nat. Commun. 6, 8795 (2015).
[9] N. Walk, S. Hosseini, J. Geng, O. Thearle, J. Y. Haw, S. Arm-
strong, S. M. Assad, J. Janousek, T. C. Ralph, T. Symul, H.
M. Wiseman, and P. K. Lam, Experimental demonstration of
Gaussian protocols for one-sided device-independent quantum
key distribution, Optica 3, 634 (2015).
[10] M. D. Reid, Signifying quantum benchmarks for qubit tele-
portation and secure quantum communication using Einstein-
Podolsky-Rosen steering inequalities, Phys. Rev. A 88, 062338
(2013).
[11] Q. He, L. Rosales-Za´rate, G. Adesso, and M. D. Reid, Se-
cure Continuous Variable Teleportation and Einstein-Podolsky-
Rosen Steering, Phys. Rev. Lett. 115, 180502 (2015).
[12] P. Skrzypczyk and D. Cavalcanti, Maximal Randomness Gen-
eration from Steering Inequality Violations Using Qudits, Phys.
Rev. Lett. 120, 260401 (2018).
[13] J. Bowles, T. Ve´rtesi, M. T. Quintino, and N. Brunner, One-
Way Einstein-Podolsky-Rosen Steering, Phys. Rev. Lett. 112,
200402 (2014).
[14] E. G. Cavalcanti, S. J. Jones, H. M. Wiseman, and M. D. Reid,
Experimental criteria for steering and the Einstein-Podolsky-
Rosen paradox, Phys. Rev. A 80, 032112 (2009).
[15] M. F. Pusey, Negativity and steering: A stronger Peres conjec-
ture, Phys. Rev. A 88, 032313 (2013).
[16] S. P. Walborn, A. Salles, R. M. Gomes, F. Toscano, and P.
H. Souto Ribeiro, Revealing Hidden Einstein-Podolsky-Rosen
Nonlocality, Phys. Rev. Lett. 106, 130402 (2011).
[17] J. Schneeloch, C. J. Broadbent, S. P. Walborn, E. G. Caval-
canti, and J. C. Howell, Einstein-Podolsky-Rosen steering in-
equalities from entropic uncertainty relations, Phys. Rev. A 87,
062103 (2013).
[18] T. Kriva´chy, F. Fro¨wis, and N. Brunner, Tight steering inequali-
ties from generalized entropic uncertainty relations, Phys. Rev.
A 98, 062111 (2018).
[19] A. C. S. Costa, R. Uola, and O. Gu¨hne, Steering criteria
from general entropic uncertainty relations, Phys. Rev. A 98,
050104(R) (2018).
[20] M. Z˙ukowski, A. Dutta, and Z. Yin, Geometric Bell-like in-
equalities for steering, Phys. Rev. A 91, 032107 (2015).
[21] D. A. Evans and H. M. Wiseman, Optimal measurements
for tests of Einstein-Podolsky-Rosen steering with no detec-
tion loophole using two-qubit Werner states, Phys. Rev. A 90,
012114 (2014).
[22] M. T. Quintino, T. Ve´rtesi, D. Cavalcanti, R. Augusiak, M.
Demianowicz, A. Acı´n, and N. Brunner, Inequivalence of en-
tanglement, steering, and Bell nonlocality for general measure-
ments, Phys. Rev. A 92, 032107 (2015).
[23] P. Skrzypczyk, M. Navascue´s, and D. Cavalcanti, Quantify-
ing Einstein-Podolsky-Rosen Steering, Phys. Rev. Lett. 112,
180404 (2014).
[24] S. Wollmann, N. Walk, A. J. Bennet, H. M. Wiseman, and G.
J. Pryde, Observation of Genuine One-Way Einstein-Podolsky-
Rosen Steering, Phys. Rev. Lett. 116, 160403 (2016).
[25] S. L. W. Midgley, A. J. Ferris, and M. K. Olsen, Asymmetric
Gaussian steering: When Alice and Bob disagree, Phys. Rev. A
81, 022101 (2010).
[26] M. K. Olsen, Asymmetric Gaussian harmonic steering in
second-harmonic generation, Phys. Rev. A 88, 051802(R)
(2013).
[27] D. J. Saunders, S. J. Jones, H. M.Wiseman, and G. J. Pryde,
Experimental EPR-steering using Bell-local states, Nat. Phys.
6, 845 (2010).
[28] A. J. Bennet, D. A. Evans, D. J. Saunders, C. Branciard, E. G.
Cavalcanti, H. M.Wiseman, and G. J. Pryde, Arbitrarily Loss-
Tolerant Einstein-Podolsky-Rosen Steering Allowing a Demon-
stration over 1 km of Optical Fiber with No Detection Loop-
hole, Phys. Rev. X. 2, 031003 (2012).
[29] V. Ha¨ndchen, T. Eberle, S. Steinlechner, A. Samblowski, T.
Franz, R. F. Werner, and R. Schnabel, Observation of one-
way Einstein-Podolsky-Rosen steering, Nat. Photonics 6, 596
(2012).
[30] S. Armstrong, M. Wang, R. Y. Teh, Q. Gong, Q. He, J.
Janousek, H. A. Bachor, M. D. Reid, and P. K. Lam, Multi-
partite Einstein-Podolsky-Rosen steering and genuine tripartite
entanglement with optical networks, Nat. Phys. 11, 167 (2015).
[31] K. Sun, X. J. Ye, J. S. Xu, X. Y. Xu, J. S. Tang, Y. C. Wu, J.
L. Chen, C. F. Li, and G. C. Guo, Experimental Quantification
of Asymmetric Einstein-Podolsky-Rosen Steering, Phys. Rev.
Lett. 116, 160404 (2016).
[32] Y. Xiao, X. J. Ye, K. Sun, J. S. Xu, C. F. Li, and G. C. Guo,
Demonstration of Multisetting One-Way Einstein-Podolsky-
Rosen Steering in Two-Qubit Systems, Phys. Rev. Lett. 118,
140404 (2017).
[33] N. Tischler, F. Ghafari, T. J. Baker, S. Slussarenko, R. B. Patel,
M. M. Weston, S. Wollmann, L. K. Shalm, V. B. Verma, S. W.
Nam, H. C. Nguyen, H. M. Wiseman and G. J. Pryde, Phys.
Conclusive Experimental Demonstration of One-Way Einstein-
Podolsky-Rosen Steering, Phys. Rev. Lett. 121, 100401 (2018).
[34] J. Li, C. Y. Wang, T. J. Liu, and Q. Wang, Experimental verifi-
cation of steerability via geometric Bell-like inequalities, Phys.
Rev. A 97, 032107 (2018).
7[35] D. Das, S. Sasma, and S. Roy, Detecting Einstein-Podolsky-
Rosen steering through entanglement detection, Phys. Rev. A
99, 052109 (2019).
[36] C. Chen, C. Ren, X. J. Ye, and J. L. Chen, Mapping criteria
between nonlocality and steerability in qudit-qubit systems and
between steerability and entanglement in qubit-qudit systems,
Phys. Rev. A 98, 052114 (2018).
[37] J. Bowles, F. Hirsch, M. T. Quintino, and N. Brunner, Sufficient
criterion for guaranteeing that a two-qubit state is unsteerable,
Phys. Rev. A 93, 022121 (2016).
[38] W. K. Wootters, Entanglement of Formation of an Arbitrary
State of Two Qubits, Phys. Rev. Lett. 80, 2245 (1998).
[39] P. G. Kwiat, E. Waks, A. G. White, I. Appelbaum, and P. H.
Eberhard, Ultrabright source of polarization-entangled photons,
Phys. Rev. A 60, R773 (1999).
[40] D. F. V. James, P. G. Kwiat, W. J. Munro, and A. G. White,
Measurement of qubits, Phys. Rev. A 64, 052312 (2001).
[41] M. A. Nielsen and I. L. Chuang, Quantum Computation
and Quantum Information (Cambridge University Press, Cam-
bridge, 2000).
[42] R. F. Werner, Quantum states with Einstein-Podolsky-Rosen
correlations admitting a hidden-variable model, Phys. Rev. A
40, 4277 (1989).
[43] F. Hirsch, M. T. Quintino, T. Vrtesi, M. F. Pusey, and N. Brun-
ner, Algorithmic Construction of Local Hidden Variable Mod-
els for Entangled Quantum States, Phys. Rev. Lett. 117, 190402
(2016).
